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1. Introduction 
The world of business is in constant evolution. Companies see how they have to deal with 
different problems and situations every day, and the only way to handle this is by trying to 
improve in a daily way and keeping a good and solid organization.  
There are many possible procedures to run a company, which to choose depends of an 
enormous quantity of variables, but one of this methods is slowly growing as the most important  
and popular: Sales and Operation Planning. Strictly speaking, it is not a method; it is more a set 
of processes and actions to keep the business in order and to assume the smallest amount of 
risk at many levels, but especially in the supply chain.   
Furthermore, the Material Requirement Planning is also a popular procedure in the production 
department of every important enterprise around the world. It helps to control the inventory 
level, to manage production in an organized and clear way and to ensure that every product 
shipment is ready on time.  
These two methods, S&OP and MRP, are widely used, as their effectiveness has been proved 
repeatedly. Moreover, their main characteristic is that they are always evolving, so they never 
get obsolete.  
As the reader will see, this project is divided into two different parts: in the first one, all the 
concepts and procedures needed to understand the above-mentioned methods are explained 
from a theoretical point of view; in the second one, an example is developed to better 
understand how MRP works.   
My tutor, dr inż Jacek Habel, has provided all the data used in the project. Attached to this 
document, the reader will find a CD, which contains many calculations and extra information 
that cannot be presented in paper.  
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2. Objectives 
The main goal of this project is that the reader fully understands the concepts of Sales and 
Operation Planning and Material Requirement Planning, all the variables involved in them, the 
specific terms needed to apply these procedures and, finally, the importance that both methods 
have in the actual business world.  
The objective of the first part of the project is that the reader can deepen his or her knowledge 
about S&OP and MRP, in case he or she already knows about them, or start to get familiar with 
them, if he or she has never listened about them before.  
The second part of the project -the example of how to apply MRP to a furniture company 
production system- aims to reinforce the learned concepts and clarify all the doubts and 
questions the reader may have after finishing the theoretical part.  
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3. Sales & Operation Planning 
3.1 The current situation 
Markets are changing. Some years from now, customers demand more choices, flexibility, lower 
costs and increased product particularization. They are not afraid to change and start buying a 
new product, their loyalty to a particular company is no longer a guarantee. Demand is starting 
to become unpredictable for many organizations, and this ends up with companies being very 
vulnerable to supply interruptions. In fact, supply-related risks are, nowadays, the most 
important threat to organizations revenues. In conclusion: product producers are facing difficult 
and challenging times. 
The risks to which the value chains are subjected to are bigger and bigger. The managers and 
directors of every company in the world are aware of these risks, and they try to adopt different 
strategies to manage this situation. Lean manufacturing (products with maximum value to 
customers using the minimum resources possible), outsourcing (contracting out of a bussiness 
process to another party), global sourcing (sourcing from the global market for goods and 
services across geopolitical boundaries), extended information technology (IT), supply chain 
networks… these are all different strategies that can be very successful, and provide substancial 
competitive benefits, but, on the other hand, each of these solutions can also put the supply 
chain into trouble, creating more uncertainty, producing more risks. 
In order to protect their interests and ensure that objectives and goals are accomplished more 
and more executives and stakeholders demand well-planned and detailed risk management 
policies, and capability design and implementation. The solution to all their worries and 
problems? Sales and Operation Planning, and, as a part of it, Aggregate Planning. 
3.2 Sales and Operations Planning – introduction to S&OP 
Tom Wallace (writer and educator specializing in S&OP), defines Sales and Operation Planning 
as “a set of decision-making processes to balance demand and supply, to integrate financial 
planning and operational planning, and to link high-level strategic plans with day-to-day 
operations”.  
The APICS (American Production and Inventory Control Society) has also a definition of their own 
for S&OP: "function of setting the overall level of manufacturing output (production plan) and 
other activities to best satisfy the current planned levels of sales (sales plan and/or forecasts), 
while meeting general business objectives of profitability, productivity, competitive customer 
lead times, etc., as expressed in the overall business plan. One of its primary purposes is to 
establish production rates that will achieve management’s objective of maintaining, raising, or 
lowering inventories or backlogs, while usually attempting to keep the workforce relatively 
stable. It must extend through a planning horizon sufficient to plan the labor, equipment, 
facilities, material, and finances required to accomplish the production plan. As this plan affects 
many company functions, it is normally prepared with information from marketing, 
manufacturing, engineering, finance, materials, etc." 
To sum up, it could be said that Sales and Operations Planning is a proven value chain risk 
management practice, that is commonly used in top companies but it is also, progressively, 
making an appearance in medium organizations. S&OP integrates demand, supply, new product 
and financial plans, so operations can be executed effectively and efficiently. It is a practice that 
9 
 
ensures consistency and commitment in decisions to align and be coherent with the overall 
business strategy of the company. 
Sales and Operations Planning is all about interdepartmental collaboration and communication, 
ensuring dynamic risk and opportunity assessment and management, planning and analyzing 
different scenarios… A forum where the important and difficult questions are asked, debated 
and decided upon. It is a dynamic process, requires well-organized and defined workflows, 
schedules, analysis, information feedback and documentation of all decisions and assumptions.  
S&OP incorporates demand planning (sales planning and forecasting), supply/operations and 
resource planning, new product development integration and innovation strategies, alignment 
of these plans to financial objectives, the evaluation of various plan scenarios and what-if 
situations, and agreement by cross-functional management of the best plans and decisions. 
Once the plans are approved by the senior management team, monitoring and control of the 
agreed-upon plans and schedules become the focus. 
In conclusion, as a way to sum up, in the next figure it can be visualized an overall view of the 
Sales and Operations Planning process.  
 
 
Figure 1: the monthly S&OP process 
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The Sales and Operations Planning process includes six interdependent elements (Business 
Strategies and Policies, Business Processes, Organization and People, Management Reports, 
Models and Methodologies and, at last, Systems and Data). Each of these elements will be 
studied in depth in the following pages of the document, but, to start, for companies 
contemplating a sales and operations planning transformation program, overall 
recommendations for action, without entering in too much detail, should include: 
 Demand management is one of the most important things to control, as your business 
objectives rely on it. Improving demand is the best way of making other supply problems 
disappear: excess inventories, low customer fill rates or expediting and changeover 
costs will sharply decline. Identify the way in which you can shape demand and 
therefore align supply, and you will be successful.  
 
 Interdepartmental relationships are very important: include your business network 
partners in the design of the processes, if not, there is a chance that you are working at 
cross purposes. 
 
 Engage all business functions—most importantly, the leaders of finance, human 
resources, marketing, materials, operations, product management, and sales. Finding 
time to get everyone involved can be difficult, but it is the key to the success of the 
process. Everyone must perceive S&OP not as a bunch of extra work; rather, as an 
integral part of their responsibilities. 
 
 Design a contingency plan based on multiple “what if” scenarios, and determine how 
should the company act in the “hot spots” of risk and opportunities.  
 
 Remember: Sales and Operations Planning is a dynamic process. To be successful, the 
S&OP program roadmap should be “rolling” – refined and re-prioritized with the 
completion and lessons learned from each phase. 
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3.3 Key areas in the Sales and Operations Planning process 
 
3.3.1. Business Strategies & Policies:  
At first, the Sales and Operations Plan has to have well-defined objectives and a very clear 
mission. Furthermore, the company has to design strategies and action plans to achieve those 
objectives for the S&OP process.This is not about manufacturing or production strategies, it is 
the set of goals and plans used to develop the S&OP process and accomplish its objectives. A 
well-defined strategy should adress:  
 S&OP related processes and procedures 
 S&OP risk assessment and mitigation practices 
 S&OP cross functional team work 
 S&OP training and skills 
 Actions required to provide the necessary information for decision making 
 Tools to get this information (models and methodologies, systems and data) 
In reference to the policies, they should be designed to enable and support the implementation 
of the S&OP process strategic objectives. They must also align with the management overall’s 
business policies and standards. They have to be realistic and applicable with the current 
capabilities of the organization. In order to implement this policies, all the rest of key areas in 
the S&OP have to be in place. 
 
3.3.2. Business Processes 
3.3.2.1 Sales Planning and Forecasting 
Forecasting, and a commitment to continuous improvement in sales planning and forecasting, 
is a core prerequisite for a successful S&OP process. Nowadays, demand is never certain, on the 
contrary, it is often volatile and results in supply/demand mismatches. If the company wants to 
avoid inventory-related risks, which have really costly consequences, a good demand forecasting 
is basic. Moreover, in many ocasions, market opportunities are missed because the team has 
not planned contingency scenarios. For all these reasons forecasting is very important. 
The forecast must reflect the industry trends, the economic outlook and ther market targets, 
among other things. It is important that all the forecasting levels (business, financial, strategic, 
operations) are well aligned. If the company forecasting tools function correctly, every operation 
will be more efficient, the sales will be increased, the costs reduced, the lead time shorter and 
even the company’s supplier performance will improve.  
Moreover, if a company wants to make really good predictions, it may be a good idea to 
collaborate with key customers and suppliers to share demand information, forecasts and risks. 
And, most importantly, it is basic to document all forecast assumptions and unexpected or 
unplanned events to keep improving the forecast process. 
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Furthermore, if the company forecast tools work correctly, supervisors will eventually realize 
what has been stated above: the rising volatibility of actual demand. And how can a company 
deal with that? Basically, it is all about playing with capacity. Two strategies can be adopted:  
1. Level capacity strategy: mantaining a steady rate of regular-time output while meeting 
variations in demand by playing with inventories, subcontracting or backlogging. 
2. Chase demand strategy: the planned output for a period set at the expected demand 
for that period. This options heavily relies on how good is the company’s forecast 
system. It is quite risky ,but if it works out correctly the organization will see how profits 
increase. 
3.3.2.2 Supply Planning 
Nowadays, supply chains need to be flexible, efficient and demand-sensitive. To achieve this, 
the key prerequisite is to have a good demand planning process, a good demand forecasting, 
because, obviously, supply depends heavily on demand. Supply-related decisions are closely 
linked to the demand, market opportunities and risks. Therefore, supply plans, production plans 
and schedules for internal operations must be designed with as much information on demand 
scenarios as possible. 
When it comes to supply, there is one principal thing that worries executives and directors of 
worldwide companies: supply interruption. Many organizations use different strategies that 
help to achieve big margins, lower costs and lead times and improve quality and performance. 
However, all these strategies bring with them a high risk of supply interruption if they are not 
correctly implemented. 
For example, global sourcing is a really good strategy, but it exposes the company to many risk 
factors, such as terrorist attacks, natural disasters, political conflicts and so on, that lead directly 
to a supply interruption. Outsourcing is a very typical practice, but has one may problem: you 
do not control the problems that your supplier may have, exposing you, again, to supply 
interruption. Single sourcing is another option that many companies use, as the collaborative 
effort of two companies makes the customer-supplier supply chain stronger, but if you depend 
only on one supplier, and this supplier has any kind of problem, the supply interruption is a more 
than sure event.  
Therefore, it is of vital importance to identify, assess and manage the risk, and have contingency 
plans in case of supply interruption. If these strategies are good, the company may even take 
advantage of the situation (assuming it affects to other competitors too). Supply management 
risks has to be a dynamic and ongoing process. Management has to be constantly studying and 
understanding all the possible risks and situations, and designing plans, tactics and strategies to 
manage these risks.  
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Figure 2: Risk management process 
3.3.2.3 Innovations/New Product Development (NPD) Planning and Risk Management 
Product innovations or new product development and risk management are closely linked. 
During all the stages of the development of a new product, or the innovation of and existing 
one, it is absolutely necessary to have the risk management process ongoing. 
 
 
 
 
3.3.2.4 Business Planning/Financial Planning 
In many companies, the budget is treated in an annual way, something the management decides 
eventually an applies for a whole year. After it is approved, changes in market demand, 
operations and new product introductions lead to the plans getting out of sincronization.  
A good  Sales and Operations Planning process prevents this from happening. Every month, the 
financial plans are reviewed, the new product plans are taken into account, the revenue plans 
and forecasts are on the table and, in this way, management can evaluate and learn from the 
variances by comparing reality with what they assumed when preparing the annual budget, and 
make any necessary changes.  
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Figure 3:  Risk Management during NPD 
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3.3.2.5 Plan Alignment and Information Sharing 
It is absolutely fundamental that all the diferents plans and processes a company designs are 
well documented, in order to be explained to members of other departments. In this way, for 
example, the supply process plan can be successfully alligned with demand forecasting. Supply, 
demand and business plans must be integrated into one big plan, not three separate plans. 
Moreover, when dealing with risk management, weekly meetings have to be held, to assess the 
risk and impact in various plan options and different scenarios. 
Furthermore, it is also very important know how to share information and with who. A company 
has to decide who their key partners are. Providing these key partners with information 
regarding forecasts, scenarios, plans, risks and opportunities will optimize performance. 
3.3.2.6 Senior Executive Sales and Operations Planning Review and Approval Process 
The Sales and Operations Planning process concludes with the senior executive review and 
approval process. This process consists in one or various meetings in which nearly everything is 
addressed: performance, plans, review and discuss future demand, supply, new product 
development plans, risks, opportunities… This kind of open forums are useful for making 
executive-level cross-functional decisions.  
It is absolutely fundamental that everything that goes on in this meetings is documented, from 
the minutes that the meeting lasted to all the assumptions and decisions done. This helps the 
organization to look back and learn from both good and bad decisions.  
 
3.3.3. Organization & People 
A Sales and Operations Planning process can be very well designed, but it heavily relies on the 
skills, capacity and commitment of the company and the people that work in it to be successful. 
All the different teams (senior executive team, sales plan and forecasting team, supply plan 
team, training and development team, etc…) must work together, in the same direction, and 
focusing S&OP as a fundamental strategy for the company, not just extra work. Everyone 
involved in the S&OP process should understand how important is to grasp market opportunities 
and detect possible risks, but even more important than that is to take the right decisions not 
only focusing in their particular job, but trying to see the bigger picture: reconciling demand, 
supply, new product and financial plans. 
Many companies fail to achieve their S&OP objectives because they have not invested enough 
time and effort in to make all the people involved in the process feel part of it, sharing the same 
objectives and knowing all the key aspects of it. That is why all organizations must implant 
training and development programs for their employees. 
 
3.3.4. Management Reports 
The S&OP process requires that all the information surrounding it is well organized and easy to 
manage. Everything –meetings, plans, decisions, what if scenarios, contingency situations- must 
be documented in an accurate way, so that all this information can be effectively and efficiently 
used to manage, execute and control the S&OP process.  
15 
 
All the information should be turned into detailed reports that the management teams can 
understand quickly, in order to make the final decisions or address a particular problem or 
situation. 
 
3.3.5. Models & Methodologies 
Documenting all the decisions, plans and meetings is absolutely fundamental for the S&OP 
process success, but it can also be a really difficult task to due to term if the company does not 
have the adequate tools, methodologies and procedures to process all this data. Nowadays, 
technological advances simplify a lot this task, and every company should invest money in these 
tools.  
But, moreover, technology does not only help with data processing. It helps in a lot of more 
areas. There are informatic programs that are really useful to analyze revenue impacts and 
create what-if demand plan scenarios, analyze inventory, capacity and material avaibility, and 
create what-if supply plan scenarios, provide and effective audit trail, facilitate discussion on risk 
tolerances, and so on. 
 
3.3.6. Systems & Data 
These are the systems used to run day-to-day operations, which are basic in the daily functioning 
of the company, and are also used to host other computer systems used to manage and execute 
all aspects of the business: Enterprise Resource Planning, financials, sales and marketing… 
Basically, these systems give the company the necessary data to run the bussiness, data 
interpreted with the methodologies and tools named at point number 5.  
 
3.3.7. Interconnection of the Six Key Areas 
This six areas that have been thoroughly studied are, obviously, interconnected. Without 
reliable, relevant and timely business information (area 6), management’s methodologies do 
not correctly analyze the information (area 5), which causes that reports do not provide effective 
help to management (area 4). Therefore, people are unable to take good decisions (area 3), and 
they cannot execute necessary processes adequately (area 2). This makes that the objectives of 
the S&OP process are not achieved (area 1). 
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3.4 Practical Procedure for Aggregate Planning 
After taking all this theoretical information into account, and having always in mind that the 
perfect and exact aggregate planning procedure doesn’t exist, a practical roadmap that 
companies could take as a possible itinerary would be the next one: 
1. Determine demand for each period.  
2. Determine capacities (regular time, overtime, subcontracting…) for each period. 
3. Identify company policies that are pertinent (for example, a company may want to 
maintain a safety stock that equals the 5% of the demand, or the human resources 
department wants to maintain always a stable workforce). 
4. Determine unit costs for regular time, overtime, subcontracting, holding inventories, 
backlogging orders… 
5. Develop alternative plans and compute the cost for each of them. 
6. Select the most satisfactory plan. 
Following this practical procedure, along with all of the seven key points of the Sales & 
Operations Planning process, companies will see how the whole organization is much more 
efficient and effective, no catastrofic and unexpected events will catch the company by surprise, 
as they will always have a contingency plan, and, finally, the economical profits will increase. 
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4. Material Requirements Planning (MRP) 
4.1 What is it? 
Professor Guillermo Gallego, from the prestigious Columbia University, defines Material 
Requirements Planning, MRP, with these words: 
“Material Requirements Planning (MRP) is a computer-based production planning and inventory 
control system. MRP is concerned with both production scheduling and inventory control. It is a 
material control system that attempts to keep adequate inventory levels to assure that required 
materials are available when needed. MRP is applicable in situations of multiple items with 
complex bills of materials” 
Basically, in other words, is a tool that helps companies to plan production, to control their 
inventory and to make sure that, whenever a specific material for an specific product is required, 
that material is on the inventory. Therefore, MRP can be said to have three basic objectives: 
1. Ensure the avaibility of every material a component needs, of every component a 
product needs, of every product a customer requires. 
2. Maintain the lowest possible level of inventory 
3. Plan manufacturing activities, delivery schedules and purchasing activities. 
MRP systems are very useful when facing problems with dependent demand items. Demand for 
end items is independent, but the demand of components and subcomponents depends on the 
demand of the end item. But, what is exactly dependent and independent demand, and what 
are the differences between each of them? 
4.2 Dependent versus independent demand 
To better understand the differences between dependent and independent demand, an 
automobile production example can be very useful. The different parts of an automobile and 
the materials that they are made of are subjected to dependent demand, because the total 
amount of parts and raw materials needed during any time period depends on the number of 
cars that are going to be produced. On the other hand, demand for the actual car is absolutely 
independent, as a car is not a component of another item. 
The principal and most important difference between this two kinds of demand is that 
independent demand is, once all the different variables that have been discussed before in the 
project are taken into account, fairly stable. In contrast, dependent demand tends to be lumpy, 
as large quantities of specific parts or raw materials are needed and used in an specific period 
of time, and then, suddenly, they are not needed for many weeks. 
Another example might be useful to understand this difference. Imagine a company that 
manufactures lawn and garden equipment, such as lawn mowers or small tractors. The products 
are produced monthly: in one month the tractors are produced, in the next one push mowers 
and in the next one mulching mowers, and then back again to tractors. Obviously, some 
components will be used every month, independently of the item that is being produced, for 
example nuts, screws or bolts. With this kind of parts it makes sense to have a continual 
inventory. But, in contrast, some parts might be used for only one item. In consequence, these 
parts will only be demanded when that specificic item is being produced, which might be one 
every eight or nine weeks. That is what it is meant by lumpy demand. Because of this tendencies, 
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this last kind of parts have only to be stocked prior to the time they will be needed in the 
production process. 
To sum up, the predictability of usage of dependent items means that there is little or no need 
for safety stock, but the periods of time in which they will be needed have to be very clearly 
pinpointed, so correct plannification can be done. And in these kind of dependent demand 
problems is where the Material Requirement Process procedure is useful. 
4.3 Forecasting Demand 
A forecast is a statement about the future. Demand forecasts help managers by reducing some 
of the uncertainty envolving the future, enabling them to develop more accurate production 
plans. This plans involve deciding what type of products and services to offer, how much 
quantity of an specific material will be needed –approximately- in a certain month, which 
facilities will the company need to develop this planned production…  
An enormous variety of forecasting methods are used currently, but all of them have some 
common features: 
1. Forecasting techniques generally assume that the same underlying causal system that 
existed in the past will continue to exist in the future. 
2. Forecasts are not perfect: there are too many different variables in business to make an 
exact and precise forecast. Allowances should be made for inaccuracies.  
3. Forecasts for group item tend to be more accurate than forecasts for individual items, 
because forecasting error among items in a group usually have a cancelling effect. 
4. Forecast accuracy decreases as the time period covered by the forecast –the time 
horizon- increases. 
Moreover, the steps to follow when making a forecasting are the listed below: 
1. Determine the purpose of the forecast. 
2. Establish a time horizon. 
3. Select a forecasting technique. 
4. Gather and analyze the appropiate data. 
5. Prepare the forecast. 
6. Monitor the forecast. 
There are two general approaches to forecasting: qualitative and quantitative. The first one 
involves subjective inputs, “soft” data (human factors, personal opinions), which often defies 
precise numerical description. These factors are often omitted when quantitative methods of 
forecasting are used, as they are, precisely, impossible to quantify. The second approach, the 
quantitative method, involves either the extension of historical data or the development of 
associative models that attempt to utilize causal variables to make a forecast. These methods 
consist basically on analyzing “hard” data. 
In the example the reader will find in point 5, a quantitative method of forecasting demand has 
been used. To forecast the demand for the first week of June 2013, the average has been 
calculated between the customer orders of June 2011 and 2012.  
4.4 Safety Stock 
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The safety stock is stock that is held in excess of expected demand due to variable demand rate 
and/or lead time. The amount of safety stock that is appropriate for an specific situation 
depends on three different factors: 
1. The average demand rate and average lead time. 
2. Demand and lead time variability. 
3. The desired service level (probability that demand will not exceed supply during lead 
time). 
The formula used to calculate it is: 
𝑆𝑆 = 𝑧 ·  𝜎 
Z corresponds to setting a Service Level of an specific percentage. σ corresponds to standard 
deviation. In the MRP developed in point five, the reader may find a practical example of how 
to calculate safety stock. 
4.5 Material Requirement Planning Inputs 
So, finally, what it is needed to plan an MRP? Three main inputs: a Master Production Schedule 
(MPS), a Bill of Material Records (BOM) and the Inventory Status Records (ISR). 
4.5.1 Master Production Schedule - MPS 
Before designing the Master Production Schedule, many information is needed: demand 
forecasts, firm customer orders for end items and safety stock requirements. With all this data 
taken into account, the Master Production Schedule is designed. What is in it? The demand for 
end items and the schedule over a number of time periods. In other words, it is stated how much 
of each item is wanted and when it is wanted. Then, the MRP takes the master schedule for end 
items and translates it into individual time-phased component requirements. 
In the Master Production Schedule, the planning horizon is divided into a series of time periods 
or time buckets, that usually tend to be weeks. However, this time periods do not have to be 
obligatorily of the same length. For example, the near-term portion of an MPS might be divided 
into weeks, but later portions can be separated in months.  
And how much time has to cover a Master Production Schedule? Normally, company executives 
like to plan far enough into the future so they can have a general idea of probable upcoming 
demands for the near term. But, independently of this, what is primarily important is that the 
MPS covers the cumulative lead time necessary to produce the end items. This amounts to the 
sum of the lead times that sequential phases of the production or assembly process require. 
Moreover, there is a recurrent problem with the Master Producion Schedule and the subsequent 
Material Requierement Plan, and it is that sometimes the initial schedule may not be feasible. 
In other words, the company cannot produce as much as the MRP indicates that it should 
produce, because of capacity problems. When this happens, the company has two options: 
increase capacity (through overtime or by subcontracting) or to make some changes in the MPS. 
If the second option is selected, the new MPS will have to be run through the MRP until a feasible 
solution is found. 
As the last question related to the Master Production Schedule and MRP, can changes in order 
quantity or timing can be done? Stabilty in short-term production plans is very important, and 
that is why companies establish a series of time intervals, called time fences, during which 
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changes can be made to orders. This time fences can be, for example, of four, eight and twelve 
weeks. In the first four weeks, no change is allowed. Between the fourth and eighth week, some 
small changes can be done, and beyond the twelfth week changes are allowed. 
An example of MPS could be the following: 
 
Figure 4: example of MPS table 
 Forecast: the expected demand, calculated using one of the various forecasting 
methods. 
 Customer orders: what clients have already demanded. 
 Projected on hand: the expected amount of inventory that will be on hand at the 
beginning of each time period. Scheduled receipts + available inventory from last period. 
 Safety stock: stock that is held in excess of expected demand due to variable demand 
rate and/or lead time. 
 Net requirements: the actual amount needed in each time period.  
 MPS: the final expected demand for an item in every week.  
The equations used are: 
 tttt SREIGRNR  1;0max  
𝐸𝐼𝑡 = 𝐸𝐼𝑡−1 + 𝑀𝑃𝑆𝑡 − max (𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡; 𝐶𝑢𝑠𝑡 𝑂𝑟𝑑𝑒𝑟𝑠) 
𝑆𝑆 = 𝑧 ·  𝜎 
 
4.5.2 Bill of Material Records – BOM 
The Bill of Material Records, also known as product structure records, is an extensive document 
in which every item or assembly required to produce a specific product is written down. In this 
list, every piece or item is thoroughly described, and all the information about it (part number, 
quantity per assembly, next higher assembly, lead times, quantity per end item…) is available. 
This document must contain an assembly diagram and a product structure tree. 
 
August
Week 22 23 24 25 26 27 28 29 30 31 32
Forecast 0 15 18 10 12 15 14 25 26 15 30
Customer Orders 0 17 21 8 12 11 18 21 13 14 2
Projected on Hand 10 13 12 12 10 10 12 12 11 11 11
Safety Stock 10 10 10 10 10 10 10 10 10 10 10
Net Requirements 0 0 0 0 0 0 0 0 0 0 0
MPS 0 20 20 10 10 15 20 25 25 15 30
June July
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Figure 5: example of a product structure tree of a chair 
In the product structure tree, the information between brackets indicates the quantity of 
subproducts needed to create the above product. Moreover, although in this specific example 
it is not present, in a second bracket (just following the first one), the lead time of the product 
is also indicated. 
4.5.3 Inventory Status Records – ISR 
As its own name indicates, the Inventory Status Records contains the available quantity of all 
the items in the inventory, also including scheduled receipts. Obviously, this document must be 
realized in a very careful way and kept up to date always. 
4.6 Material Requirements Planning Terms 
Later in this project a practical Material Requirement Plan will be due to term, but before, it is 
important to understand all the terms that appear. Some of them are already used in the MPS, 
but are listed down here again. 
 Gross requirements: total expected demand for an item or raw material in a time 
period, without regard to the amount on hand. For end items these quantities are shown 
in the Master Production Schedule. For components, we obtain the final number from 
the planned-order releases of their immediate parents. 
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 Scheduled receipts: open orders scheduled to arrive from vendors or elsewhere in the 
pipeline by the beginning of a period. 
 Projected on hand: the expected amount of inventory that will be on hand at the 
beginning of each time period. Scheduled receipts + available inventory from last period. 
 Net requirements: the actual amount needed in each time period. Gross requirements 
– projected inventory + safety stock. 
 Planned-order receipts: the quantity expected to be received by the beginning of the 
period in which it is shown. 
 Planned-order releases: planned amount to order in each period. 
The equations used are: 
ttttt GRPRSREIEI  1  
 tttt SREIGRNR  1;0max  
4.7 Material Requirements Planning Outputs 
What do we practically obtain running the Material Requirements Plan?  
1. Primary reports: 
· Planned orders: a schedule indicating the amount and timing of future orders. 
· Order releases: authorizing the execution of planned orders. 
· Changes: revision of due dates or order quantities, or cancellation of orders. 
2. Secondary reports: 
· Performance-control reports: used to evaluate system operation. 
· Planning reports: useful in forecasting future inventory requirements. 
· Exception reports. 
An example of a final MRP table could be: 
 
Figure 6: example of MRP final table 
The numbers showed for every week, from 23 to 32, are the planned order releases.  
Item ID 23 24 25 26 27 28 29 30 31 32
F ELO 10/5 10 10 10 15 20 25 25 15 30 0
S1 X 0 10 15 20 25 25 15 30 0 0
S2 X 0 10 15 20 25 25 15 30 0 0
S3 X 0 10 15 20 25 25 15 30 0 0
C1 S20-105 45 45 45 30 60 0 0 0 0 0
C2 S20-204 28 28 28 0 28 0 0 0 0 0
C3 S20-203 28 28 28 0 28 0 0 0 0 0
C4 S20-302 36 36 36 36 72 0 0 0 0 0
C5 S20-913 0 20 20 20 30 10 30 0 0 0
A6 e1 100 100 200 200 200 100 300 0 0 0
A7 f1 1000 0 0 1000 0 0 1000 0 0 0
A8 k29-1 100 0 100 100 100 100 100 0 0 0
A9 k29-2 100 0 100 100 100 100 100 0 0 0
A10 l1 480 960 480 960 960 960 960 0 0 0
A11 r3 200 0 200 200 200 200 200 0 0 0
A12 r16 200 0 200 200 200 200 200 0 0 0
A13 s1 100 100 200 200 200 100 300 0 0 0
A14 s2 100 100 200 200 200 100 300 0 0 0
M15 MDF-18 1 1 1 2 0 0 0 0 0 0
M16 MDF-22 3 3 2 4 0 0 0 0 0 0
M17 MDF-32 2 2 0 2 0 0 0 0 0 0
M18 HDF-3 2 2 2 3 1 3 0 0 0 0
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5. Practical Example with Material Requirement Planning 
Implementation 
It is time to implement all the theoretical information explained above, and to do so, a furniture 
production company is the best possible example. In this case, the company will be called from 
now on Elippe. The main objective is to plan the production for June, July and the first week of 
August 2013. What data is needed before starting to do so? 
1. Assembly manual of four different kinds of furniture, with the names ELO10/5, ELO 10/9, 
ELO19/5 and ELO19/9. (In attached CD) 
2. Demand in the years 2011, 2012 and 2013 (until August). (In attached  CD) 
3. List of furniture in the Elippe collection. (In attached CD) 
4. List of parts of Elippe furniture. (In attached CD) 
5. Data related to all the different formats used to build the furniture. (In attached CD) 
6. Data related to all the accessories used to build the furniture. (In attached CD) 
The most important feature to take into account is that this company doesn’t build the furniture; 
all the different parts are packaged and the consumer joins them at his or her house. Once this 
is known, the procedure to make the Material Requirement Planning can be started, and the 
first thing to do is the Master Production Schedule, the Bill of Materials Records and the 
Inventory Status Record. All the calculations, tables, final results and procedures used can be 
found also in the attached CD. 
5.1 MRP 
5.1.1 ELO10/5 
 
Figure 7: ELO/10/5 
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The first thing to do is create the Bill of Material Records, designing the Product Structure tree 
and making a list of all the components and accessories of the furniture. In this case, the 
Inventory Status Record has been done at the same time as the BOM. 
Item ID Material Measure MQD MUP Inventory 
F ELO 10/5   PCS L4L 1 10 
S1 X   PCS L4L 1 10 
S2 X   PCS L4L 1 10 
S3 X   PCS L4L 1 10 
C1 S20-105 MDF-22 PCS 15 15 10 
C2 S20-204 MDF-32 PCS 28 28 10 
C3 S20-203 MDF-32 PCS 28 28 10 
C4 S20-302 MDF-18 PCS 36 36 10 
C5 S20-913 HDF-3 PCS 10 10 10 
A6 e1   PCS 100 100 10 
A7 f1   PCS 1000 1000 10 
A8 k29-1   PCS 100 100 10 
A9 k29-2   PCS 100 100 10 
A10 l1   PCS 480 480 10 
A11 r3   PCS 200 200 10 
A12 r16   PCS 200 200 10 
A13 s1   PCS 100 100 10 
A14 s2   PCS 100 100 10 
M15 MDF-18 MDF-18 Sheet 30 1 0 
M16 MDF-22 MDF-22 Sheet 25 1 0 
M17 MDF-32 MDF-32 Sheet 20 1 0 
M18 HDF-3 HDF-3 Sheet 150 1 0 
Table 1: BOM and ISR of ELO10/5 
Two terms of the previous table have to be defined: 
 Minimum Quantity of Delivery (MQD in the table) lower level which define 
economically minimal size of production, where less size of production is not profitable. 
 Min Unit of Production: (MUP in the table) factor which describe batch size production, 
defines the exact quantity of material produced in one work cycle. 
The reader may find the Product Structure Tree in the Annex, as Figure A1.  
After this step, the next thing to do is create the Master Production Schedule. In the first place, 
using the data from 2011 and 2012, the average customer orders and standard deviation for 
each of the weeks needed is calculated.  
Table 2: Average customer orders and standard deviation 2011-2012 for ELO10/5 
The last step before doing the MPS is calculate the Safety Stock, using the next formula: 
August
Week 23 24 25 26 27 28 29 30 31 32
Average (2011-2012) 14,5 17,5 10 12 15 14 25 25,5 14,5 29,5
Std Desv 3,5 7,5 2 3 2 7 3 1,5 2,5 2,5
4 Weeks Average
4 Weeks Std Desv 2,8 5,4 7,5
June July
13,5 19,9 22,0
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𝑆𝑆 = 𝑧 ·  𝜎 
Z corresponds to setting a Service Level of 90%. σ corresponds to standard deviation. 
  AVERAGES STD DESV 
Average 2011 18,7 7,3 
Average 2012 18,3 7,5 
Total Average 18,5 7,4 
SL 90%   
Z 1,29   
SS 9,5   
Table 3: Calculation of Safety Stock for ELO10/5 
The final number, 9,5, is rounded to 10, and is setted as the Safety Stock desired. Finally, the 
MPS can be done, using the next formulas:  
 tttt SREIGRNR  1;0max  
𝐸𝐼𝑡 = 𝐸𝐼𝑡−1 + 𝑀𝑃𝑆𝑡 − max (𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡; 𝐶𝑢𝑠𝑡 𝑂𝑟𝑑𝑒𝑟𝑠) 
Minimum Quantity of Delivery is set as 10. Minimum Unit of Production is set at 5. 
Table 4: MPS for ELO10/5 
Once the MPS is done, the MRP can be started. It is considered that the inventory for all the 
formats and accessories is equal to the safety stock. Moreover, the first week scheduled receipts 
will be equal to the first week gross requirements. The formulas used are: 
ttttt GRPRSREIEI  1  
 tttt SREIGRNR  1;0max  
As introducing all the tables here or in the Annex would occupy too many pages, the whole MRP 
is in the attached CD, and here only the final results are displayed. 
August
Week 22 23 24 25 26 27 28 29 30 31 32
Forecast 0 15 18 10 12 15 14 25 26 15 30
Customer Orders 0 17 21 8 12 11 18 21 13 14 2
Projected on Hand 10 13 12 12 10 10 12 12 11 11 11
Safety Stock 10 10 10 10 10 10 10 10 10 10 10
Net Requirements 0 0 0 0 0 0 0 0 0 0 0
MPS 0 20 20 10 10 15 20 25 25 15 30
June July
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Table 5: final results for the MRP for ELO10/5 
5.1.2 ELO10/9 
 
Figure 8: ELO/10/9 
The procedure is the same as shown and explained for EL10/5. Results are shown below. The 
Product Structure Tree is in the Annex, as figure A2. 
 
 
Item ID 23 24 25 26 27 28 29 30 31 32
F ELO 10/5 10 10 10 15 20 25 25 15 30 0
S1 X 0 10 15 20 25 25 15 30 0 0
S2 X 0 10 15 20 25 25 15 30 0 0
S3 X 0 10 15 20 25 25 15 30 0 0
C1 S20-105 45 45 45 30 60 0 0 0 0 0
C2 S20-204 28 28 28 0 28 0 0 0 0 0
C3 S20-203 28 28 28 0 28 0 0 0 0 0
C4 S20-302 36 36 36 36 72 0 0 0 0 0
C5 S20-913 0 20 20 20 30 10 30 0 0 0
A6 e1 100 100 200 200 200 100 300 0 0 0
A7 f1 1000 0 0 1000 0 0 1000 0 0 0
A8 k29-1 100 0 100 100 100 100 100 0 0 0
A9 k29-2 100 0 100 100 100 100 100 0 0 0
A10 l1 480 960 480 960 960 960 960 0 0 0
A11 r3 200 0 200 200 200 200 200 0 0 0
A12 r16 200 0 200 200 200 200 200 0 0 0
A13 s1 100 100 200 200 200 100 300 0 0 0
A14 s2 100 100 200 200 200 100 300 0 0 0
M15 MDF-18 1 1 1 2 0 0 0 0 0 0
M16 MDF-22 3 3 2 4 0 0 0 0 0 0
M17 MDF-32 2 2 0 2 0 0 0 0 0 0
M18 HDF-3 2 2 2 3 1 3 0 0 0 0
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Item ID Material Measure MQD MUP Inventory 
F ELO 10/9   PCS L4L 1 9 
S1 X   PCS L4L 1 9 
S2 X   PCS L4L 1 9 
S3 X   PCS L4L 1 9 
C1 S20-105 MDF-22 PCS 15 15 9 
C2 S20-104 MDF-18 PCS 18 18 9 
C3 S20-202 MDF-32 PCS 15 15 9 
C4 S20-201 MDF-32 PCS 15 15 9 
C5 S20-301 MDF-18 PCS 36 36 9 
C6 S20-305 MDF-18 PCS 36 36 9 
C7 S20-912 HDF-3 PCS 12 12 9 
A8 e1   PCS 100 100 9 
A9 f1   PCS 1000 1000 9 
A10 k29-1   PCS 100 100 9 
A11 k29-2   PCS 100 100 9 
A12 l1   PCS 480 480 9 
A13 r1   PCS 200 200 9 
A14 r3   PCS 200 200 9 
A15 r16   PCS 200 200 9 
A16 s1   PCS 100 100 9 
A17 s2   PCS 1000 1000 9 
M18 MDF-18 MDF-18 Sheet 30 1 0 
M19 MDF-22 MDF-22 Sheet 25 1 0 
M20 MDF-32 MDF-32 Sheet 20 1 0 
M21 HDF-3 HDF-3 Sheet 150 1 0 
Table 6:BOM and ISR for ELO10/9 
Table 7: Average customer orders and standard deviation 2011-2012 for ELO10/9 
 
 AVERAGES STD DESV 
Average 2011 21,1 8,0 
Average 2012 18,8 6,4 
Total Average 20,0 7,2 
SL 90%   
Z 1,29   
SS 9,3  
Table 8: Calculation of Safety Stock for ELO10/9 
Safety Stock is setted at 9. 
August
Week 23 24 25 26 27 28 29 30 31 32
Average (2011-2012) 21,5 23 12 20 29 18,5 30 28 14 35
Std Desv 9,5 11 0 1 7 1,5 5 0 3 2
4 Weeks Average
4 Weeks Std Desv
June July
19,1 26,4 24,5
4,2 4,6 10,5
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Table 9: MPS for ELO10/9 
Table 10: final results for the MRP for ELO10/9 
5.1.3 ELO19/5 
 
Figure 9: ELO/19/5 
August
Week 22 23 24 25 26 27 28 29 30 31 32
Forecast 0 15 19 12 23 17 17 23 29 24 44
Customer Orders 0 27 15 9 10 21 2 5 14 6 6
Projected on Hand9 12 13 11 13 12 10 12 13 9 10
Safety Stock 9 9 9 9 9 9 9 9 9 9 9
Net Requirements0 0 0 0 0 0 0 0 0 0 0
MPS 0 30 20 10 25 20 15 25 30 20 45
June July
Item ID 23 24 25 26 27 28 29 30 31 32
F ELO 10/9 11 10 25 20 15 25 30 20 45 0
S1 X 1 25 20 15 25 30 20 45 0 0
S2 X 1 25 20 15 25 30 20 45 0 0
S3 X 1 25 20 15 25 30 20 45 0 0
C1 S20-105 30 45 60 45 90 0 0 0 0 0
C2 S20-104 18 36 18 18 54 0 0 0 0 0
C3 S20-202 15 30 30 15 45 0 0 0 0 0
C4 S20-201 15 30 30 15 45 0 0 0 0 0
C5 S20-301 36 36 72 36 72 0 0 0 0 0
C6 S20-305 36 36 72 36 72 0 0 0 0 0
C7 S20-912 48 36 36 48 60 36 96 0 0 0
A8 e1 200 200 100 200 300 100 400 0 0 0
A9 f1 1000 1000 0 1000 1000 0 2000 0 0 0
A10 k29-1 100 100 100 100 100 100 200 0 0 0
A11 k29-2 100 100 100 100 100 100 200 0 0 0
A12 l1 1920 960 960 1440 1920 960 2880 0 0 0
A13 r1 400 200 200 400 200 400 400 0 0 0
A14 r3 200 200 100 200 400 0 400 0 0 0
A15 r16 600 400 200 600 600 400 800 0 0 0
A16 s1 200 200 100 200 300 100 400 0 0 0
A17 s2 1000 0 1000 0 1000 0 1000 0 0 0
M18 MDF-18 4 5 3 7 0 0 0 0 0 0
M19 MDF-22 3 4 3 6 0 0 0 0 0 0
M20 MDF-32 4 4 2 6 0 0 0 0 0 0
M21 HDF-3 3 3 4 5 3 8 0 0 0 0
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Item ID Material Measure MQD MUP Inventory 
F ELO 19/5   PCS L4L 1 9 
S1 X   PCS L4L 1 9 
S2 X   PCS L4L 1 9 
S3 X   PCS L4L 1 9 
C1 S20-101 MDF-22 PCS 7 7 9 
C2 S20-204 MDF-32 PCS 28 28 9 
C3 S20-203 MDF-32 PCS 28 28 9 
C4 S20-302 MDF-18 PCS 36 36 9 
C5 S20-308 MDF-18 PCS 36 36 9 
C6 S20-916 HDF-3 PCS 5 5 9 
A7 d1   PCS 100 100 9 
A8 e1   PCS 100 100 9 
A9 f1   PCS 1000 1000 9 
A10 k29-1   PCS 100 100 9 
A11 k29-2   PCS 100 100 9 
A12 l1   PCS 480 480 9 
A13 r3   PCS 200 200 9 
A14 r16   PCS 200 200 9 
A15 s1   PCS 100 100 9 
A16 s2   PCS 1000 1000 9 
M17 MDF-18 MDF-18 Sheet 30 1 0 
M18 MDF-22 MDF-22 Sheet 25 1 0 
M19 MDF-32 MDF-32 Sheet 20 1 0 
M20 HDF-3 HDF-3 Sheet 150 1 0 
Table 11: BOM and ISR for ELO19/5 
Table 12: Average customer orders and standard deviation 2011-2012 for ELO19/5 
 AVERAGES STD DESV 
Average 2011 18,8 7,9 
Average 2012 18 6,3 
Total Average 18,4 7,1 
SL 90%   
Z 1,29   
SS 9,2  
Table 13: Calculation of Safety Stock for ELO19/5 
Safety Stock is setted as 9. 
August
Week 23 24 25 26 27 28 29 30 31 32
Average (2011-2012) 19,5 28,5 11 18,5 12,5 19,5 23 22,5 12,5 25,5
Std Desv 12,5 13,5 5 3,5 2,5 3,5 7 3,5 3,5 0,5
4 Weeks Average 19,375 19,375 19
4 Weeks Std Desv 6,20861297 4,18889902 6,5
June July
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Table 14: MPS for ELO19/5 
Table 15: Final results for the MRP for ELO19/5 
5.1.4 ELO19/9 
 
Figure 10: ELO/19/9 
 
August
Week 22 23 24 25 26 27 28 29 30 31 32
Forecast 20 29 11 19 13 20 23 23 13 26
Customer Orders 25 17 16 10 17 8 10 7 9 4
Projected on Hand 9 9 10 9 10 13 13 10 12 9 13
Safety Stock 9 9 9 9 9 9 9 9 9 9 9
Net Requirements 0 0 0 0 0 0 0 0 0 0
MPS 25 30 15 20 20 20 20 25 10 30
June July
Item ID 23 24 25 26 27 28 29 30 31 32
F ELO 19/5 21 15 20 20 20 20 25 10 30 0
S1 X 6 20 20 20 20 25 10 30 0 0
S2 X 6 20 20 20 20 25 10 30 0 0
S3 X 6 20 20 20 20 25 10 30 0 0
C1 S20-101 35 42 49 21 63 0 0 0 0 0
C2 S20-204 0 28 28 0 28 0 0 0 0 0
C3 S20-203 0 28 28 0 28 0 0 0 0 0
C4 S20-302 72 72 108 36 108 0 0 0 0 0
C5 S20-308 36 0 36 0 36 0 0 0 0 0
C6 S20-916 15 20 20 20 25 10 30 0 0 0
A7 d1 100 100 100 100 100 0 100 0 0 0
A8 e1 400 300 300 300 400 200 500 0 0 0
A9 f1 1000 0 1000 0 1000 0 1000 0 0 0
A10 k29-1 100 100 100 100 100 0 100 0 0 0
A11 k29-2 100 100 100 100 100 0 100 0 0 0
A12 l1 1440 960 1440 960 1920 480 1920 0 0 0
A13 r3 200 200 100 200 200 100 200 0 0 0
A14 r16 200 200 100 200 200 100 200 0 0 0
A15 s1 400 300 300 300 400 200 500 0 0 0
A16 s2 1000 0 0 0 0 0 1000 0 0 0
M17 MDF-18 2 4 1 4 0 0 0 0 0 0
M18 MDF-22 6 7 3 9 0 0 0 0 0 0
M19 MDF-32 0 2 0 0 0 0 0 0 0 0
M20 HDF-3 4 4 4 5 2 6 0 0 0 0
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Item ID Material Measure MQD MUP Inventory 
F ELO 19/5   PCS L4L 1 9 
S1 X   PCS L4L 1 9 
S2 X   PCS L4L 1 9 
S3 X   PCS L4L 1 9 
S4 X   PCS L4L 1 9 
C1 S20-101 MDF-22 PCS 7 7 9 
C2 S20-103 MDF-18 PCS 8 8 9 
C3 S20-202 MDF-32 PCS 15 15 9 
C4 S20-201 MDF-18 PCS 15 15 9 
C5 S20-301 MDF-18 PCS 36 36 9 
C6 S20-305 MDF-18 PCS 36 36 9 
C7 S20-306 MDF-18 PCS 36 36 9 
C8 S20-917 HDF-3 PCS 6 6 9 
A9 d1   PCS 100 100 9 
A10 e1   PCS 100 100 9 
A11 f1   PCS 1000 1000 9 
A12 k29-1   PCS 100 100 9 
A13 k29-2   PCS 100 100 9 
A14 l1   PCS 480 480 9 
A15 r1   PCS 200 200 9 
A16 r3   PCS 200 200 9 
A17 r16   PCS 200 200 9 
A18 s1   PCS 100 100 9 
A19 s2   PCS 1000 1000 9 
M20 MDF-18 MDF-18 Sheet 30 1 0 
M21 MDF-22 MDF-22 Sheet 25 1 0 
M22 MDF-32 MDF-32 Sheet 20 1 0 
M23 HDF-3 HDF-3 Sheet 150 1 0 
Table 16: BOM  and ISR for ELO19/9 
Table 17: Average customer orders and standard deviation 2011-2012 for ELO19/9 
 AVERAGES STD DESV 
Average 2011 19,2 6,9 
Average 2012 18,1 6,9 
Total Average 18,6 6,9 
SL 90%   
Z 1,29   
SS 8,9  
Table 18: Calculation of Safety Stock for ELO19/9 
Safety Stock is setted as 9. 
August
Week 23 24 25 26 27 28 29 30 31 32
Average (2011-2012) 18 16,5 9,5 15 18,5 17 28,5 31,5 11,5 30
Std Desv 6 4,5 1,5 1 2,5 1 0,5 2,5 1,5 3
4 Weeks Average
4 Weeks Std Desv
June July
14,8 23,9 20,8
3,2 6,2 9,3
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Table 19: MPS for ELO19/9 
Table 20: Final results for the MRP for ELO19/9 
5.1.5 Final Table 
The following table sums up all the planned order releases: 
August
Week 22 23 24 25 26 27 28 29 30 31 32
Forecast 18 17 10 15 19 17 29 32 12 30
Customer Orders 26 15 7 10 21 17 17 17 9 5
Projected on Hand 9 12 12 12 11 9 10 13 11 11 11
Safety Stock 9 9 9 9 9 9 9 9 9 9 9
Net Requirements 0 0 0 0 0 0 0 0 0 0
MPS 20 10 15 20 15 30 35 10 30 0
June July
Item ID 23 24 25 26 27 28 29 30 31 32
F ELO 19/5 1 15 20 15 30 35 10 30 0 0
S1 X 6 20 15 30 35 10 30 0 0 0
S2 X 6 20 15 30 35 10 30 0 0 0
S3 X 6 20 15 30 35 10 30 0 0 0
S4 X 6 20 15 30 35 10 30 0 0 0
C1 S20-101 63 70 21 56 0 0 0 0 0 0
C2 S20-103 24 40 8 32 0 0 0 0 0 0
C3 S20-202 30 45 0 30 0 0 0 0 0 0
C4 S20-201 30 45 0 30 0 0 0 0 0 0
C5 S20-301 108 144 36 144 0 0 0 0 0 0
C6 S20-305 108 144 36 144 0 0 0 0 0 0
C7 S20-306 72 72 0 72 0 0 0 0 0 0
C8 S20-917 30 24 66 72 18 54 0 0 0 0
A9 d1 200 100 300 200 100 300 0 0 0 0
A10 e1 300 300 500 500 200 500 0 0 0 0
A11 f1 1000 1000 1000 2000 0 2000 0 0 0 0
A12 k29-1 100 100 100 100 100 100 0 0 0 0
A13 k29-2 100 100 100 100 100 100 0 0 0 0
A14 l1 2400 1440 2880 3360 960 3360 0 0 0 0
A15 r1 400 400 600 600 200 600 0 0 0 0
A16 r3 200 200 200 200 200 200 0 0 0 0
A17 r16 600 400 1000 800 400 800 0 0 0 0
A18 s1 400 200 500 500 200 500 0 0 0 0
A19 s2 1000 0 1000 1000 1000 0 0 0 0 0
M20 MDF-18 15 3 14 0 0 0 0 0 0 0
M21 MDF-22 10 3 8 0 0 0 0 0 0 0
M22 MDF-32 6 0 4 0 0 0 0 0 0 0
M23 HDF-3 4 11 12 3 9 0 0 0 0 0
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Table 21: final MRP table 
Item ID 23 24 25 26 27 28 29 30 31 32
F ELO 10/5 10 10 10 15 20 25 25 15 30 0
F ELO 10/9 11 10 25 20 15 25 30 20 45 0
F ELO 19/5 21 15 20 20 20 20 25 10 30 0
F ELO 19/5 1 15 20 15 30 35 10 30 0 0
C S20-101 98 112 70 77 63 0 0 0 0 0
C S20-103 24 40 8 32 0 0 0 0 0 0
C S20-104 18 36 18 18 54 0 0 0 0 0
C S20-105 75 90 105 75 150 0 0 0 0 0
C S20-201 45 75 30 45 45 0 0 0 0 0
C S20-202 45 75 30 45 45 0 0 0 0 0
C S20-203 28 56 56 0 56 0 0 0 0 0
C S20-204 28 56 56 0 56 0 0 0 0 0
C S20-301 144 180 108 180 72 0 0 0 0 0
C S20-302 108 108 144 72 180 0 0 0 0 0
C S20-305 144 180 108 180 72 0 0 0 0 0
C S20-306 72 72 0 72 0 0 0 0 0 0
C S20-308 36 0 36 0 36 0 0 0 0 0
C S20-912 48 36 36 48 60 36 96 0 0 0
C S20-913 0 20 20 20 30 10 30 0 0 0
C S20-916 15 20 20 20 25 10 30 0 0 0
C S20-917 30 24 66 72 18 54 0 0 0 0
A d1 300 200 400 300 200 300 100 0 0 0
A e1 1000 900 1100 1200 1100 900 1200 0 0 0
A f1 4000 2000 2000 4000 2000 2000 4000 0 0 0
A k29-1 400 300 400 400 400 300 400 0 0 0
A k29-2 400 300 400 400 400 300 400 0 0 0
A l1 6240 4320 5760 6720 5760 5760 5760 0 0 0
A r1 800 600 800 1000 400 1000 400 0 0 0
A r3 800 600 600 800 1000 500 800 0 0 0
A r16 1600 1000 1500 1800 1400 1500 1200 0 0 0
A s1 1100 800 1100 1200 1100 900 1200 0 0 0
A s2 3100 100 2200 1200 2200 100 2300 0 0 0
M MDF-18 22 13 19 13 0 0 0 0 0 0
M MDF-22 22 17 16 19 0 0 0 0 0 0
M MDF-32 12 8 6 8 0 0 0 0 0 0
M HDF-3 13 20 22 16 15 17 0 0 0 0
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6. Example of calculation of Operation Time 
The Elippe furniture production chain uses four machines:  
1. Cutting Machine: once the MDF/HDF sheets arrive to the factory, this machine cuts 
them off into the specifically wanted format.  
2. Holes Machine: once the wanted format is cut off of the MDF sheet, this machine 
drills and mills holes on it. 
3. Banding Machine: edge vacuum veneering, banding tape in all the edges. 
4. Packaging Machine: does the packaging to get the final product ready to send. 
The MDF sheets go through all the four machines, the HDF sheets only through the cutting 
machine. 
The set up times for the four machines are: 
Machine Cutting Holes Banding Packaging 
Set up time (min) 15 20 10 5 
Table 22: Set up times (in minutes) for the production machines 
The next step is to calculate how much time every specific format needs in the different 
machines. With the S20-101 format as example, this is how it is done: 
Machine 1 
Set up time=15 min 
t= 
𝑙𝑒𝑛𝑔𝑡ℎ
𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦
=  
17290
1
1000
 𝑚
2 𝑚/𝑚𝑖𝑛
= 8,645 min 
t/unit = 
8,645
7
= 1,24 𝑚𝑖𝑛/𝑢𝑛𝑖𝑡 
T op = 15 + n·1,24 min 
(n=batch) 
Machine 2 
Set up time = 20 min 
Length = 42 (nº of holes) · (22 mm of width + 10 mm) = 1344 mm 
n= 
318·𝑣𝑐
𝐷
=  
318·50
8· 
1
1000
= 1987,5 𝑟𝑒𝑣/𝑚𝑖𝑛 
t= 
𝐿𝑒𝑛𝑔𝑡ℎ
𝑛·𝑓
=  
1,344
1987,5·0,1
= 6,76 𝑚𝑖𝑛 
T op = 20 + n· 6,76 min 
(n=batch) 
Machine 3 
Set up time = 10 min 
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t= 
𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟 𝑓𝑜𝑟𝑚𝑎𝑡
𝑣
=  
4,31𝑚
5 𝑚/𝑚𝑖𝑛
= 0,862 𝑚𝑖𝑛 
T op = 10 + n · 0,862 min 
(n=batch) 
Machine 4 
Not necessary to do calculations yet, only at the end, when the packaging is done. This machine 
takes 30 seconds to package an accessory and 45 seconds per format. 
All these formulas, applied to the different formats, can be found in the attached CD. 
6.1 Final results 
The following tables show how much time, in minutes, is necessary to do all the operations 
throughout all the weeks. 
Table 23: Time (in minutes) needed for all the operations – ELO/10/5 
Table 24: Time (in minutes) needed for all the operations – ELO/10/9 
Table 25: Time (in minutes) needed for all the operations – ELO/19/5 
Item ID 23 24 25 26 27 28 29 30 31 32
F ELO 10/5
S1 X 66 81 81 70 127 13 28 0 0 0
S2 X 47 47 47 0 47 0 0 0 0 0
S3 X 1195 635 845 1585 1085 935 1735 0 0 0
C1 S20-105 301 301 301 215 386 0 0 0 0 0
C2 S20-204 114 114 114 0 114 0 0 0 0 0
C3 S20-203 114 114 114 0 114 0 0 0 0 0
C4 S20-302 111 111 111 111 177 0 0 0 0 0
C5 S20-913 0 31 31 31 39 23 39 0 0 0
Item ID 23 24 25 26 27 28 29 30 31 32
F ELO 10/5
S1 X 131 147 199 142 266 32 77 0 0 0
S2 X 28 50 50 28 73 0 0 0 0 0
S3 X 2865 1685 1435 2125 2965 1085 4345 0 0 0
C1 S20-105 215 301 386 301 556 0 0 0 0 0
C2 S20-104 116 187 116 116 258 0 0 0 0 0
C3 S20-202 101 156 156 101 212 0 0 0 0 0
C4 S20-201 101 156 156 101 212 0 0 0 0 0
C5 S20-301 121 121 197 121 197 0 0 0 0 0
C6 S20-305 121 121 197 121 197 0 0 0 0 0
C7 S20-912 51 42 42 51 60 42 87 0 0 0
Item ID 23 24 25 26 27 28 29 30 31 32
F ELO 10/5
S1 X 124 106 165 63 179 13 28 0 0 0
S2 X 0 47 47 0 47 0 0 0 0 0
S3 X 2475 1135 1775 1135 2215 545 2815 0 0 0
C1 S20-101 355 417 479 231 603 0 0 0 0 0
C2 S20-204 0 114 114 0 114 0 0 0 0 0
C3 S20-203 0 114 114 0 114 0 0 0 0 0
C4 S20-302 177 177 243 111 243 0 0 0 0 0
C5 S20-308 111 0 111 0 111 0 0 0 0 0
C6 S20-916 35 41 41 41 48 28 54 0 0 0
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Table 26: Time (in minutes) needed for all the operations – ELO/19/9  
Item ID 23 24 25 26 27 28 29 30 31 32
F ELO 10/5
S1 X 93 106 76 125 19 46 0 0 0 0
S2 X 221 275 59 275 0 0 0 0 0 0
S3 X 50 73 0 50 0 0 0 0 0 0
S4 X 3355 2125 4095 4685 1735 4235 0 0 0 0
C1 S20-101 603 665 231 541 0 0 0 0 0 0
C2 S20-103 196 297 95 246 0 0 0 0 0 0
C3 S20-202 156 212 0 156 0 0 0 0 0 0
C4 S20-201 156 212 0 156 0 0 0 0 0 0
C5 S20-301 273 349 121 349 0 0 0 0 0 0
C6 S20-305 273 349 121 349 0 0 0 0 0 0
C7 S20-306 197 197 0 197 0 0 0 0 0 0
C8 S20-917 53 45 99 106 38 83 0 0 0 0
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7. Conclusions 
In a personal level, I am very happy with how has this project evolved since the beginning. The 
business, logistic and operational world has always attracted my attention, and with these five 
months of hard work, I believe I have deepened my knowledge in this whole universe. Firstly, in 
a theoretical level, and not only about Sales & Operations Planning or Material Requirement 
Planning; all the research done to find the appropriate information, all the books and articles 
read to know more about these two subjects, have made me get to know many other 
procedures, other visions, that have enriched me quite a lot. Moreover, the practical application 
of all this knowledge acquired has secured all the concepts recently learned. 
About the objectives of this project, I am no one to judge if they have been accomplished; the 
reader is the judge here. I believe the theoretical explanation is extensive enough for the reader 
to get to understand all the concepts explained, and the practical part of the project helps to 
acknowledge how all these concepts are applied in the real business and logistics world.  
To conclude, I would like to thank my tutor, Dr. Jacek Habel, as his support and knowledge has 
helped me in great measure to develop this whole project. Furthermore, my gratitude extends 
to everyone –friends, family- with who I have discussed many problems involving the project, all 
eventually solved with their help.   
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Annex 
Figure A1: Product Structure Tree for ELO/10/5. 
 
The usage (U) of each MDF or HDF sheet, from which the different formats are obtained, is 
calculated as: 
𝑈 =  
𝐴𝑟𝑒𝑎 𝐹𝑜𝑟𝑚𝑎𝑡
𝐴𝑟𝑒𝑎 𝑆ℎ𝑒𝑒𝑡
· 100 
The table A1, found in this annex, syntheses all this data.  
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Figure A2: Product Structure Tree for ELO/10/9. 
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Figure A3: Product Structure Tree for ELO/19/5. 
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Figure A4: Product Structure Tree for ELO/19/9. 
 
*All the Product Structure Tree can be found in the attached CD. 
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Table A1: formats and data. 
MDF Format Dimensions (mm2) Pieces* Total Area (m2) Wasted Material (m2) Usage** (%) (total)*** 
22 S20-101 1810 x 345 7  4,37 1,51 10,62 (74,34) 
18 S20-103 1810 x 327 8 4,73 1,14 10,07 (80,53) 
18 S20-104 900 x 327 18 5,30 0,58 5,01 (90,09) 
22 S20-105 900 x 345 15 4,66 1,22 5,28 (79,21) 
32 S20-201 900 x 345 15 4,66 1,22 5,28 (79,21) 
32 S20-202 900 x 345 15 4,66 1,22 5,28 (79,21) 
32 S20-203 474 x 345 28 4,58 1,30 2,78 (77,87) 
32 S20-204 474 x 345 28 4,58 1,30 2,78 (77,87) 
18 S20-301 418,5 x 327 36 4,93 0,95 2,33 (83,79) 
18 S20-302 429 x 327 36 5,05 0,83 2,39 (85,89) 
18 S20-305 418,5 x 327 36 4,93 0,95 2,33 (83,79) 
18 S20-306 418,5 x 327 36 4,93 0,95 2,33 (83,79) 
18 S20-308 429 x 327 36 5,05 0,83 2,39 (85,89) 
HDF3 S20-912 447 x 958 12 5,14 0,74 7,28 (87,39) 
HDF3 S20-913 468 x 958 10 4,48 1,40 7,62 (76,25) 
HDF3 S20-916 468 x 1868 5 4,37 1,51 14,87 (74,34) 
HDF3 S20-917 1868 x 447 6 5,01 0,87 14,20 (85,20) 
*Pieces you can obtain from one MDF/HDF sheet 
**Usage for one piece: Area Piece / Area Sheet 
***Usage for the total number of pieces you can obtain from each sheet 
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